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ANALYSIS OF THE MAGNITUDE AND FREQUENCY OF FLOODS AND
THE PEAK-FLOW GAGING NETWORK IN MONTANA

By R.J. Omang

ABSTRACT

Flood magnitudes and frequencies were updated by log-Pearson type III
analysis for 522 crest-stage and streamflow-gaging stations on unregu-
lated streams in Montana, adjoining States, and Canada. These flood
magnitudes were related to basin characteristics using ordinary least-
squares multiple-regression techniques. On the basis of preliminary
analysis, data from the regression were used to divide the State into
eight hydrologic regions.

Generalized least-squares regression procedures were used on data
from each region to relate the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year
recurrence interval flood magnitude to the basin characteristics deter-
mined to be significant by ordinary least-squares regression. The
resulting regression equations can be used to estimate flood magnitude
and frequencies at ungaged sites. Drainage area, mean annual precipi-
tation, mean basin elevation, and percentage of basin above 6,000 feet
elevation were determined to be the most significant basin characteris-
tics. Different basin characteristics are significant for the eight
regions involved. Contributing drainage area was the most significant
characteristic in all regions. The standard error of estimate for equa-
tions that estimate floods having a 100-year recurrence interval ranged
from 32 to 63 percent. The standard error of prediction for the 100-year
recurrence interval ranged from 38 to 67 percent. The standard errors of
estimate were generally an improvement over previous studies.

Techniques are described for estimating annual flood magnitude and
frequency at ungaged sites based on data from gaged stations on the same
stream. Curves relating peak flow to drainage area can be used to
determine flood magnitudes for seven major streams in the State.

A generalized least-squares regression model was also used to analyze
the peak-flow gaging network of crest-stage stations in terms of cost
effectiveness of supplying regional flood information. Peak flows having
recurrence intervals of 2, 10, and 50 years were used in the network
analysis to ensure that the information supplied by the network was
representative of a wide range of flood magnitudes. The analysis con-
sidered three planning horizons: current water year (1988) conditions,
S5-year horizon, and 20-year horizon. The network’s effectiveness was
assessed by evaluating changes in the network’s average sampling mean-
square error by adding or deleting crest-stage stations in each region.
New stations were added to the network on the basis of the effect that
each station would have on the regression results using drainage-basin
characteristics. A composite ranking was developed using the rankings
for the 20-year planning horizon.

Network analysis indicates that the most cost-effective peak-flow
gaging network would result from discontinuing numerous crest-stage
stations in most regions and adding at least two new stations in each
region. The result would be a decrease in average sampling mean-square
error of about 4 percent, an increase in the quantity of regional
information of about 4 percent, and a savings in operation and main-
tenance costs of about 30 percent.

INTRODUCTION

Reliable estimates of magnitude and frequency of floods are essential for prop-
er design of engineering projects such as levees, bridges, and culverts. Flood-
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frequency information also is used by planners and managers for land-use management
of flood plains and the establishment of actuarial flood-insurance rates. These
uses necessitate that flood-frequency information be the most accurate possible.

Several studies completed in Montana since 1970 have resulted in reports that
describe methods for estimating flood magnitudes of various recurrence intervals
using drainage-basin characteristics (Boner and Buswell, 1970; Dodge, 1972; Johnson
and Omang, 1976; Parrett and Omang, 1981; Omang and others, 1986). A report by
Parrett and others (1987) described methods for estimating flood magnitude using
channel-geometry characteristics from streamflow-gaging stations having at least 10
years of record through 1983. The flood-frequency information was updated in this
report on the basis of an additional 5 years of record.

An important objective of a peak-flow gaging network is the collection of
regional information. Regional information is used to estimate streamflow char-
acteristics at ungaged sites and to improve estimates at gaged sites. The U.S.
Geological Survey (USGS), in cooperation with the Montana Department of Transporta-
tion, has operated a peak-flow gaging network consisting of crest-stage (partial-
record) stations since 1955 to supplement data collected at streamflow-gaging
(continuous-record) stations under cooperative agreements with other Federal,
State, and 1local agencies. The initial network consisted of 45 stations. The
program was expanded to 152 stations in 1959 and to 216 stations in 1963. In 1974
and 1975, 111 new stations were established and some stations were discontinued.
The present (1988) statewide network consists of 158 stations. Data collected at
these crest-stage stations, supplemented by data collected at streamflow-gaging
stations, constitute the basis for the regional information on peak flows available
for streams within the State. Because of increased costs of operation, constraints
on funding, and the need to maximize regional flood information, the peak-flow
gaging network of crest-stage stations was evaluated so that the Montana Department
of Transportation could decide whether to continue supporting the current number of
crest-stage stations. This study was conducted by the USGS in cooperation with the
Montana Department of Transportation; the U.S. Department of Transportation, Feder-
al Highway Administration; and the U.S. Department of Agriculture, Forest Service.

Purpose and Scope

This report describes the results of analyzing the magnitude and frequency of
floods and the peak-flow gaging network of crest-stage stations. The report pre-
sents updated flood magnitude and frequency data for stations and describes im-
proved techniques for estimating flood magnitudes and frequencies at ungaged sites
for recurrence intervals of 2, 5, 10, 25, 50, 100, and 500 years. Estimating
equations were developed by relating drainage-basin characteristics to the flood
magnitudes of the various recurrence intervals.

The flood magnitude and frequency analysis is based on data from 476 crest-
stage and streamflow-gaging stations in Montana, 11 in Idaho, 13 in North Dakota, 3
in South Dakota, 7 in Wyoming, and 12 in Canada (pl. 1 and table 1--all tables are
in the Supplemental Information section at the back of the report). The station
data are from unregulated streams having at least 10 years of streamflow record
through water year! 1988 and having drainage areas that range from 0.04 to 2,554
mi2, Some stations in Montana having 10 or more years of record were excluded from
the analysis because the data were considered to be inadequate or unrepresentative
of the region owing to unknown regulation, poorly defined ratings for the station,
or too many years of zero flow.

The peak-flow gaging network of crest-stage stations was analyzed by assessing
its ability to provide maximum regional information through the continued operation
of present-network stations or by modification of the number of network stations
operated in cooperation with the Montana Department of Transportation. Peak flows
with recurrence intervals of 2, 10, and 50 years were analyzed on the basis of

1A water year is the 12-month period October 1 through September 30. It is desig-
nated by the calendar year in which it ends.

2



value of present and future information. One method considered all current (cur-
rently active in 1988) stations in the network as eligible for discontinuance
whereas another method considered addition of some stations and discontinuance of
others.

G L Hydrologic Conditi

Montana, with an area of about 147,100 mi?, is the fourth largest State.
Because of its size, the State has widely varying geographic and climatic
conditions. The western half is characterized by rugged mountains with 1large
intermontane valleys, whereas the eastern half is generally flat or rolling prairie
with large, deeply incised streams. The western and southwestern parts of Montana
are in the Northern Rocky Mountains physiographic province, and the central and
eastern parts are in the northern Great Plains province.

The 'climate is affected largely by the topography. In the western mountainous
region, most precipitation occurs as snow produced by moist airmasses originating
over the Pacific Ocean. Peak flows in mountain streams can result from either
spring snowmelt or spring snowmelt combined with rain. Along the east slope of the
mountains, severe flooding has resulted from rains produced by humid airmasses
originating over the Gulf of Mexico. Mountains generally protect the west slope
from storms moving northward along the east slope. At times, however, intense
rainstorma cross the divide and cause severe flooding along the west slope (Boner
and Stermitz, 1967, p. B16-B44.)

Although much of the precipitation in the eastern plains region falls as snow
during the winter, intense rainstorms during the summer also can add substantial
quantities of precipitation in a short time. Flows of plains streams, which are
more variable than those of mountain streams, result from snowmelt or rainfall.

The State was divided into eight regions for flood-frequency analysis. The
boundaries of the regions, which generally conform to the different physiographic
areas described above, are shown on plate 1.

The West Region includes the mountainous area west of the Continental Divide.
In this area, streams are perennial and runoff generally results from snowmelt.
Annual precipitation ranges from about 12 to 120 in. (U.S. Soil Conservation
Service, 1980). Unit flood discharges (discharges per unit of drainage area) range
from 0 to several hundred cubic feet per second per square mile of drainage area.

The Northwest Region includes the northern part of the Continental Divide,
where severe runoff is caused by intense rainfall from airmasses that originate
over the Gulf of Mexico. Annual precipitation ranges from 14 to 120 in. and unit
flood discharges range from 0 to several thousand cubic feet per second per square
mile of drainage area.

The Southwest Region i3 also a mountainous region, with runoff generally
resulting from snowmelt. Precipitation is generally less (annual precipitation of
about 10 to 60 in.) than in the West Region. Unit flood discharges consequently
are smaller than in the West Region.

The Upper Yellowstone-Central Mountain Region is a mountainous area similar to
the West Region. Runoff generally results from snowmelt. Annual precipitation
ranges from about 12 to 70 in., but generally is more variable than in the West
Region. Storms may originate from the north or south as well as from the west.
Unit flood discharges range from zero to several hundred cubic feet per second per
square mile of drainage area.

The Northwest Foothills Region is an area of rolling plains just east of the
mountains of the Northwest Region. Runoff is generally from rainfall or rainfall
combined with snowmelt. Annual precipitation ranges from about 12 to 20 in. Unit
flood discharges generally are larger than in similar plains areas farther east,
probably because the area is partly affected by intense rainfall that causes large
floods in the Northwest Region.




The Northeast Plains Region is flat land predominantly north but also south of
the Missouri River. Runoff is variable, with most smaller streams flowing only
intermittently. Floods are produced by snowmelt and rainfall. Annual precipita-
tion generally ranges from about 12 to 20 in., except in the area around Lewistown
where precipitation can be as much as 40 in. Unit flood discharges range from zero
to several hundred cubic feet per second per square mile of drainage area.

The East-Central Plains Region, which is also predominantly flat plains, is the
area most affected by intense thunderstorms. Annual precipitation ranges from
about 12 to 40 in. Flood discharges generally are more variable than in the North-
east Plains Region, with annual unit flood discharges ranging from zero to several
hundred cubic feet per second per square mile of drainage area.

The Southeast Plains Region is similar in topography to both the Northeast
Plains and the East-Central Plains Regions. 1In the Southeast Plains Region, flood
peaks from intense thunderstorms are not as prevalent as in the East-Central Plains
Region. Annual precipitation (about 12 to 16 in.) generally is more variable and
somewhat less than in the Northeast Plains Region. Unit flood discharges are more
variable than in the Northeast Plains Region, but not as large or as variable as in
the East-Central Plains Region.

ANALYSIS OF MAGNITUDE AND FREQUENCY OF FLOODS

Standard hydrologic methods were used to analyze the magnitude and frequency of
floods at each crest-stage and streamflow-gaging station. Flood magnitude and
frequency characteristics developed for each station were related to drainage-
basin characteristics using multiple-regression techniques to define regional
flood-frequency relations. These flood-frequency relations can be used to estimate
annual flood magnitudes and frequencies at ungaged sites.

station Flood Analvsi

Flood magnitudes for selected recurrence intervals were determined at each
station from a flood-frequency curve based on a log-Pearson type III probability
distribution. Interagency Advisory Committee on Water Data (1982), formerly U.S.
Water Resources Council, guidelines were followed. A flood-frequency curve relates
the magnitude of annual peak flows to annual exceedance probability. Annual ex-
ceedance probability can be expressed as the chance, in percent, that a given flood
magnitude will be exceeded in any 1 year. Recurrence interval is the reciprocal of
annual exceedance probability multiplied by 100 and is the average interval, in
years, within which the given flood is expected to be equaled or exceeded once.
For example, a 1l-percent-chance flood has an exceedance probability of 1 percent
and a recurrence interval of 100 years. However, probability describes only the
likelihood of occurrence of a random event, and a flood magnitude of a given re-
currence interval may be exceeded in a much shorter time. 1In this report, the term
"recurrence interval" is used.

Flood-frequency curves were developed for 522 crest-stage and streamflow-gaging
stations on unregulated streams having at least 10 years of peak-flow data. Data

through water year 1988 were used in the analysis. Historic adjustments to the
recorded station data were used where applicable and low outliers were deleted
using the low-outlier test recommended by the Interagency Advisory Committee. A

low outlier 1is a data point that departs significantly from the trend of the re-
maining data. Flood-frequency curves for stations near the Montana borders that
were developed by neighboring States may differ from the curves developed for this
analysis, because of the use of a different skew-coefficient map or the deletion of
different low outliers.

In the Northwest Region, flood-frequency-curve determination was complicated
by a few extreme rain-caused floods within a population of small floods caused by
snowmelt or snowmelt mixed with rain. Because the rain-caused floods are substan-
tially larger than the more prevalent snowmelt-caused floods, the log-Pearson type
IIT probability distribution did not fit the data well when all floods were con-
sidered together. Accordingly, the maximum discharges at each site in the region
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were separated by cause--those caused by intense rains and those caused by snowmelt
or snowmelt mixed with rain. Frequency curves then were fitted to each set of max-
imum discharges, and the separate frequency curves were combined using procedures
developed by the U.S. Army Corps of Engineers (1958). Fitting a frequency curve
to the rain-caused floods was complicated by the paucity of events. Rainfall-
frequency curves were prepared for all long-term rain gages in the area and were
used as a guide in assigning reasonable probabilities of occurrence to the few
rain-caused floods. Flood reports documenting the severity and rarity of the large
rain-caused floods also were used to help assign probabilities of occurrence to
rain-caused floods (Boner and Stermitz, 1967; U.S. Army Corps of Engineers, 1969,
1973). A sample frequency curve determined by this method is shown in figure 1.

In the East-Central Plains Region, flood-flow records also were examined to
determine if rain-caused floods needed to be separated from snowmelt-caused floods.
Because the two types of floods were not clearly distinct nor sufficiently inde-
pendent, separation was not warranted. .
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The flood magnitudes for selected recurrence intervals that were determined
from flood-frequency curves for each station are listed in table 1. Included are
data for recurrence intervals of 2, 5, 10, 25, 50, 100, and 500 years.

The flood-frequency curves determined from the log-Pearson analysis are an
improvement over previous flood-frequency curves, because the period of record is
longer at most stations. An example plot from the analysis for Deep Creek near
Fortine (station 12300800) is shown in figure 3.
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Figure 3.--Flood-frequency curve for Deep Creek near
Fortine, Montana (station 12300800).

Regional Flood Analvsi

Flood-frequency characteristics developed for crest-stage and streamflow-gaging
stations were related to drainage-basin characteristics using multiple-regression
techniques to define regional flood-frequency relations. Relations were developed
for estimating flood magnitudes for ungaged streams in Montana for the 2-, 5-, 10-,
25-, 50-, 100-, and 500-year recurrence-interval flood.



Multiple Regression and Drainage-Basin Characteristics

Mathematical equations expressing flood magnitude as a function of drainage-
basin characteristics were developed by multiple-regression techniques. The data
were transformed to logarithms to help ensure a linear relation between flood
magnitude and drainage-basin characteristics. Regression equations of the follow-
ing form were derived:

Log Q. = log K + a log A + b log B + ... n log N, (1)
where

Q. , the response variable, is the estimated flood magnitude, in cubic feet
per second, having a t-year recurrence interval, where t equals 2, 5,
10, 25, 50, 100, or 500;

K is a multiple-regression constant;

a, b, ... n are regression coefficients; and

A, B, ... N, the explanatory variables, are values of drainage-basin
characteristics.

After taking antilogarithms, the resulting equations are of the form:

Q, =K A% gP ... N, (2)

Drainage-basin characteristics that were evaluated for inclusion as explanatory
variables in the regression equations include:

A contributing drainage area, in square miles;

P mean annual precipitation, in inches;

Io4-2 precipitation intensity, in inches per 24 hours;
F percentage of forest cover;

E mean basin elevation, in feét above sea level;
HE percentage of basin above 6,000 ft elevation;
JANMIN mean minimum January temperature, in degrees Fahrenheit;
S main channel slope, in feet per mile;

L main channel length, in miles;

SI soils storage index, in inches; and

LAKE percentage of basin occupied by lakes and ponds.

Combinations of these explanatory variables were evaluated using ordinary least-
squares multiple-regression techniques for computing the response variable. Ordi-
nary least-squares multiple-regression analyses were performed using Minitab?
(Minitab, Inc., 1986), a general purpose, data-analysis system that involves
statistical procedures including stepwise regression. The stepwise method of
regression adds explanatory variables, one at a time, to the basic regression model
(equation 1) until all statistically significant variables have been included. The
significance of certain variables already in the model may change as other varia-
bles are added. Consequently, variables may be added at one step only to be re-
moved at a later step. The goals of stepwise regression are to include all the
explanatory variables that contribute significantly to the response variable and to
exclude all the variables that have little effect on the response variable.

Initially, the same regional boundaries for the eight regions used in the study
by Omang and others (1986) were used in this analysis. These boundaries were de-
termined by plotting on a map the regression residuals (difference between the
Q, predicted from the regression equation and the Q_ determined from the station
dsta—frequency curve). The plotted residuals were ekamined for groupings of simi-
lar magnitude and then were used, along with topographic maps, to delineate final
boundaries of the eight regions. Drainage divides were used as regional bounda-

2yUse of the trade name in this report is for identification purposes only and does
not constitute endorsement by the U.S. Geological Survey.
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ries where feasible. Some of the boundaries changed slightly from the previous
analysis. Separate multiple-regression analyses were then made for each of the
eight regions using ordinary least-squares techniques. The final selection of
explanatory variables was based not only on the ordinary least-squares regression
but also on the premise that the choice of the explanatory variables, as well as
the signs and magnitudes of their associated regression coefficients, conform to
sound hydrologic reasoning.

Drainage-basin characteristics determined to be important in the regression
equations were drainage area, mean annual precipitation, mean basin elevation, and
percentage of basin above 6,000 ft elevation. Drainage area was the most signifi-
cant basin characteristic in all regions. Drainage area, in square miles, is
determined for ungaged sites by planimetering the area outlined on 7 1/2-minute
USGS topographic maps.

Mean annual precipitation is the basin average, in inches. Its magnitude is
determined from maps prepared by the U.S. Soil Conservation Service (1980).

Mean basin elevation is the mean elevation of the basin, in feet above sea
level. Mean basin elevation can be determined by the transparent grid method from
a topographic map having a practical scale by laying a grid over the map, recording
the elevation at each grid intersection, and averaging those elevations. The
values for mean basin elevation are divided by 1,000 (E/1000) to avoid large num-
bers in the equations.

The basin above 6,000 ft elevation is the percentage of the total basin area
above an elevation of 6,000 ft. The percentage of basin above 6,000 ft elevation
can be determined by planimetering the drainage area above the 6,000-ft contour on
a topographic map, multiplying by 100, and dividing the result by the total
drainage area. The value 10 is then added to the final percentage (HE+10) to
ensure that a value of 2zero does not occur in the equations. Values of the
drainage-basin characteristics for each crest-stage and streamflow-gaging station
used in the analysis are listed in table 1.

Generalized Least-Squares Regression

After acceptable drainage-basin characteristics were determined and the eight
regions were delineated using ordinary least-squares techniques, generalized least-
squares regression was performed. Using this approach, the regression coefficients
are estimated by considering the time-sampling error in the streamflow
characteristics and the cross correlation between sites. Generalized least-squares
regression also can be used to determine the effect of current or proposed stations
on the accuracy of the regression equations. The regression equations that are
developed using the generalized least-squares technique relate drainage-basin
characteristics to peak flows by using a weighting matrix to account for the
different reliabilities and cross-correlations of concurrent peak-flow records of
the various stations.

Stedinger and Tasker (1985) found that the generalized least-squares procedure
provides more accurate estimates of the regression coefficients, better estimates
of the accuracy of the regression model, and almost unbiased estimates of the
model-error variance. Another valuable feature of the generalized least-squares
technique is its use in a network analysis to provide a reliable estimate of the
regression sampling error.

The generalized least-squares analysis was performed using ANNIE/WDM, a set of
programs designed for analyzing hydrologic data (Lumb and others, 1989). The final

regression equations developed for each region using this analysis and the standard
errors of estimate and prediction are given in table 2.

Limitations of Regression Equations

The regression equations provide a method for determining flood magnitudes
having selected recurrence intervals for sites on ungaged streams and for sites on
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gaged streams in Montana where the drainage area at the site is less than 0.5 times
the gaged drainage area or greater than 1.5 times the gaged drainage area. The
equations are valid where floodflows are virtually unaffected by wurbanization,
regulation, or diversion.

The regression equations are not valid where unique, 1local geohydrologic
features affect floods. These features would include springs or seeps that con-
tribute a large part of the streamflow and soils that are so permeable that un-
usually large volumes of runoff are absorbed.

The regression equations are not valid for determining Q.,, Q10 , and Q in
the Northwest Foothills Region for any stream that originatgg in ghe Noréﬂgest
Region. Streams that originate in the Northwest Region have large Q.,, Q1 , and
Q as a result of intense rains from airmasses having southern sourggs. 23 these
sgggams drain from the mountains and enter the relatively flat plains area of the
Northwest Foothills Region, the high flows are largely attenuated by ground-water
recharge and storage. Thus, the peak flows at downstream locations commonly are
the same as, or less than, the peak flows at upstream locations. The Q.., Q ’
and Q contribution from the Northwest Region can be calculated by usigs bgggn
charagegristics at the region boundary. However, determining whether Q5 ; Q ’
and Q increase, remain constant, or decrease with increasing downstream araiﬁgge
area égguires careful, individual study of the stream in question.

The derived regression equations in this report are defined only within the
range of the explanatory variables tested or sampled. For this study, the range in
values of basin characteristics tested is given in table 3. Use of the regression
equations for basin-characteristic values outside the range tested may not provide
valid flood estimates.

The regression equations yield estimates of flood magnitude based on records of
gaged streams. The designer or hydrologist responsible for making flood estimates
needs to be aware of unusual circumstances wherein the regression equations might
provide unreliable results. In these instances, additional study, knowledge of
hydrologic conditions in a specific area including historic floods and streamflow
measured at the site, or onsite visits and conversations with long-time residents
are needed to decide between alternative estimating techniques and to determine
whether an estimate is sufficiently accurate.

The regression equations presented in this report provide more reliable
estimates of flood magnitudes than those of previous studies. Because of extremely
high peak flows in 1991, however, the equations could be updated and improved by
including data through water year 1991. Also, regression equations previously
developed for estimating flood magnitudes from channel-width measurements could be
updated using the same data base, and the two estimating methods could be weighted
inversely proportional to their variances and averaged to yield a single estimate
that would probably be more reliable than an individual estimate from either
method.

Accuracy of Regression Equations

The accuracy of a regression equation generally is assessed in terms of the
standard error of estimate, the average standard error of prediction, and the
equivalent years of record. The standard error of estimate is a measure of the
standard deviation of the distribution of residuals about the regression line and
usually is expressed in percentage of the estimated value when log-transformed
variables are used. The regression value is within the range of error (standard
error of estimate) at about two of every three sites and is within twice this range
at about 19 of every 20 sites. The standard error of estimate is a measure of how
well the observed peak flows agree with the regression estimate of the peak flows
and is not necessarily a measure of how well the equation can be used to estimate
or predict from data not used in the regression analysis.

The average standard error of prediction at an ungaged site is a measure of the
expected accuracy with which the .regression model can estimate the t-year flood.
The true value of the t-year flood, in log units, will be within plus or minus one
standard error of prediction from the predicted value about two of every three
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times. The average standard error of prediction reported in table 2 is the average
of the standard errors of prediction computed for sites with basin characteristics
identical to the basin characteristics of the gaging stations in the region. The
average standard error of prediction was determined in log units and was converted
to percent standard error of prediction by methods described by Hardison (1971).

The equivalent years of record represents an estimate of the number of years of
actual streamflow record required at a site to achieve an accuracy equivalent to
the regional regression estimate. The equivalent years of record is computed as
part of the generalized least-squares analysis using the method described by
Hardison (1971).

The standard error of estimate, standard error of prediction, and equivalent
yvears of record for each regression equation are given in table 2. The largest
standard errors are generally in the Southwest, East-Central Plains, and Southeast
Plains Regions. Conversely, the smallest standard errors are in the Northwest
Region. In all regions, except the West and Northwest Regions, the largest
standard error occurs in the prediction equation for the 2-year recurrence inter-
val. In the West and Northwest Regions, the largest standard errors occur in the
prediction equation for the 500-year recurrence interval.

The standard errors of estimate in table 2 represent an improvement for most of
the recurrence intervals in all regions compared to the results of Omang and others
(1986) . The best improvements were in the East-Central Plains and Southeast Plains
Regions.

Sensitivity Tests

The regression equations for the 100-year recurrence interval in all regions
were tested for sensitivity. The test was performed by assuming that all variables
except the one being tested for sensitivity remain constant. A variable was
considered to be sensitive if a l0-percent change in the variable resulted in a 10-
percent or larger difference in the computed 100-year peak-flow estimate. None of
the explanatory variables was found to be sensitive.

The constancy of residual variance was tested by plotting the regression
residuals against the corresponding values of each explanatory variable used for
each region. The equations presented in this report have a constant residual
variance (characterized by a relatively uniform band of points around the line
corresponding to the zero residual), which indicates that the residuals are not a
function of the explanatory variables used; thus, the regression equations are
equally applicable for the full ranges of the explanatory variables wused in the
regression analysis.

Intercorrelation of the explanatory variables was also tested. The results
indicated no discernible intercorrelation of the explanatory variables used for
the final equations. :

Esti  nq_Magnitud L F ¢ Flood

The flood characteristics defined by frequency analysis of crest-stage and
streamflow-gaging station records listed in table 1 enable the flood magnitude to
be estimated directly for ungaged sites near a streamflow-gaging station on the
same stream, particularly where long-term records are available. These flood
magnitudes can be estimated directly at that ungaged site if the ungaged drainage
area is between 0.5 and 1.5 times the gaged drainage area. The estimate can be
computed using the following equation, which is based on the drainage-area ratio of
the ungaged site to that of the gaged site:

- Au]a
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where

Qtu is the flood magnitude being estimated at the ungaged site, with
recurrence interval t;

Au is the drainage area at the ungaged site;

Ag is the drainage area at the gaged site;

a is the exponent of drainage area for the appropriate region and
desired recurrence interval, as given in table 2; and

Q. is the flood magnitude at the gaged site based on the appropriate

g recurrence interval from table 1.

On large streams having several gaged sites or at sites where flood magni-
tude has been estimated for National Flood Insurance Studies, flood magnitudes
at points of interest between the sites can be interpolated from curves relating
flood magnitude to drainage area. The relation of flood magnitude to drainage area
for all major streams in Montana where interpolation was considered to be appli-
cable is presented in figures 4-10. For ungaged sites having drainage areas
smaller than those shown in figures 4-10, the appropriate regression equation needs
to be used to estimate the flood magnitude. Diversions and regulation that occur
between some stations on these streams could affect some of the flows. For
example, on the Milk (fig. 6), Missouri (fig. 7), and Musselshell (fig. 8) Rivers,
Q2 decreases between two stations having increasing drainage area.
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Figure 4.--Relation of peak flow to drainage area for selected flood frequencies
along the mainstem of the Bitterroot River. Asterisk denotes flood
magnitude determined for National Flood Insurance Study by the Federal
Emergency Management Agency (1982, p. 8).
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Figure 5.--Relation of peak flow to drainage area for selected flood frequencies

along the mainstem of the Clark Fork. Asterisk denotes flood magni-
tude determined for National Flood Insurance Study by the Federal
Insurance Administration (1980, p. 14).

To determine flood magnitudes for selected recurrence intervals for any ungaged
site in Montana, locate the site on the map (pl. 1), determine in which region it
is located, and determine if it is on a gaged stream.

1.

If the site is on the Bitterroot, Clark Fork, Milk, Missouri, Musselshell,
Powder, or Yellowstone River, interpolate the desired flood magnitudes from
the applicable curves in figures 4-10.

If the site is on a gaged stream and has a drainage area within 5 percent
of that of the nearest gage, use the flood magnitudes for the gage given in
table 1.

If the site is on a gaged stream and has a drainage area between 0.5 and

0.95 times the gaged drainage area, or between 1.05 and 1.5 times the gaged
drainage area, use equation 3 to determine the desired flood magnitude.
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Figure 6.-~-Relation of peak flow to drainage area for selected flood frequencies

along the mainstem of the Milk River.

If the site is on an ungaged stream, or on a gaged stream where the
drainage area at the site is less than 0.5 times the gaged drainage area,
or greater than 1.5 times the gaged drainage area, use the appropriate
regression equation to calculate flood magnitude as follows:

a. Select the appropriate regression equation from table 2, on the
basis of which region the site is in; and

b. Determine the required drainage-basin characteristics from the best

available topographic map and from precipitation data of the U.S. Soil
Conservation Service (1980).
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Figure 7.--Relation of peak flow to drainage area for selected flood frequencies
along the mainstem of the Missouri River.

5. If the drainage basin for the site of needed flood magnitude 1lies in two
adjoining regions, determine a weighted-average flood magnitude as follows:

a. Using the total drainage area and the appropriate regression equation,
determine the flood magnitude that would result if the entire drainage
basin were located within each of the two regions;

b. Measure the part of the total drainage area that lies in each of the
two adjoining regions; and

c. Multiply the flood magnitude determined in step 5a. for each region by
the ratio of the drainage area within that region to the total drainage
area and add the two results to obtain a weighted-average flood
magnitude.

Procedure 5 is valid for boundaries between all regions in Montana except between
the Northwest Region and the Northwest Foothills Region (see section "Limitations
of Regression Equations"). The procedure is valid between those two regions only
for determining Q2’ Q5, Q10’ and Q25.

Use of the regression equations to estimate flood magnitudes at ungaged sites
is shown by the following examples. The technique is similar for all regions and
all recurrence intervals for which equations are provided.
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Figure 8.--Relation of peak flow to drainage area for selected flood frequencies
along the mainstem of the Musselshell River.

Determine the flood magnitude for a recurrence interval of 100 years for an
ungaged site in the Southwest Region where the contributing drainage area (A) 1is
16.4 mi? and the percentage of basin above 6,000 ft elevation (HE) is 75.

From the Southwest Region equations (table 2), the flood magnitude for a 100-
year recurrence interval is:

1,520 A0.68(HE+10)-0.74

0.68

Q100

(1,520) (16.4) (85)70-74

(1,520) (6.70) (0.0373)

380 ft3/s
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